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FEBRUARY MEETING. 


The regular meeting of the society was held in the Law Lecture 
Room of the University Building, on Friday evening, Feb. 6th, 
1891. 

The meeting was called to order at 8:45, President G. F. Barker, 
in the chair. 

The minutes of the January meeting were read, amended and 
accepted as amended. 

The election of new members being in order the following 
were elected as members : 

Geo. H. Clapp, 95 5th Ave, Pittsburgh, Pa. 

Dr. H. Carrington Bolton, University Club, N. Y. City. 

Wm. D. Crumbie, U. 8. Laboratory, 402 Washington St., N. Y. 

F. E. Dodge, care of N. Y. Tartar Co., 9th St. and Gowanus 
Canal, Brooklyn, N. Y. 

J. T. Evans, 606 Montgomery St., San Francisco, Cal. 

Prof. L. P. Kinnicutt, Polytechnic Institute, Worcester, Mass. 

Prof. Rachel Lioyd, Univ. of Neb., Lincoln, Neb. 

Prof. E. F. Ladd, North Dakota Agricult. College, N. D. 

Prof. Hudson H. Nicholson, Univ. of Neb., Lincoln, Neb. 

Edward Scherer, U. 8. Laboratory, 402 Washington St., N. Y. 

Albert H. Welles, N. Y. Tartar Co., 9th St. and Gowanus Canal, 
Brooklyn, N. Y. 

C. H. White, Mare Island Navy Yard, Cal. 

For associate membership : 

Prof. P. W. Bedford, 66 Duane St., N. Y. 

D. H. Burrell, Little Falls, N. Y. 

Prof. Chester Huntington, Flushing, L. I. 


The following proposals for membership were then read : 
Francis C. Blake, Pennsylvania Lead Co., Mansfield Valley, 
Allegheny Co., Pa. 
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C. P. Gundy, Eliza Furnace, Pittsburgh, Pa. 

M. De L. Haigh, care of Meyers Bros. Drug Co., St. Louis, Mo. 

Henry Heim, East Saginaw, Mich. 

Wm. Heim, East Saginaw, Mich. 

Prof. J. L. Jarman, Emory and Henry College, Emory, Va. 

G. A. Kirchmaier, City Chemist, Toledo, O. 

Oliver S. Ledman, 9 N. High St., Columbus, O. 

Edw. D. Pearce, care of T. P. Shepard & Co., Providence, R. I. 

J. D. Pennock, care of Solway Soda Co., Syracuse, N. Y. 

Prof. F. C. Robinson, Bowdoin College, Brunswick, Me. 

Herbert W. Snow, care of F. Stearns & Co., Detroit, Mich. 

C. W. Teeter, Peoria, Il. 

E. Fred. Wood, 85 Fifth Ave., Pittsburgh, Pa. 

For associate membership : 

L. D. Arnold, Rumford Chemical Works, Providence, R. I. 

The reading of papers being next in order, Mr. J. F. Geisler read 
a paper on the ‘‘ Signification of Lactometer Tests.” 

Dr. A. R. Leeds read the following papers: ‘‘ Estimation by 
Titration of Dissolved Carbon Dioxide in Water.” Discussion by 
Messrs. Barker, Breneman, Doremus, Kent, Hallock, Pellew and 
others. 

**On the Precipitation of Suspended Clay by Aluminic or Ferric 
Hydroxides, or by means of Calcium Hydrate.” Discussion by 
Messrs. Pellew, Hallock and Breneman. 

**On the Proteids of Cow’s Milk.” Discussion by Messrs. 
Breneman and Pellew. 

As there was no further business, the meeting was then ad- 


journed. 
DurRAND WoopMAN, 


Rec. Sec’y. 

















OBITUARY. 





WILLIAM RUPP. 





William Rupp, Librarian of the American Chemical Society, 
and for many years an active and devoted member, died suddenly 
on the evening of February 17th, from the effects of a chronic 
inflammation of the throat. 

Mr. Rupp was born in the city of New York, in the year 1855, 
and pursued his studies in chemistry and mining engineering in 
the School of Mines, Columbia College, New York. Subsequently 
he went to Germany and spent two years in the study of mining 
engineering at Freiberg. On his return to New York he-was for 
some time an assistant in mineralogy in the School of Mines and 
afterwards opened an office in the lower part of the city as analyt- 
ical and consulting chemist where he followed his profession to 
the day of his death. 

He had taken much interest of late years in the work of the 
American Chemicai Society, and much of the success of the New- 
port and Philadelphia meetings of the society was due to his indi- 
vidual effort. Almost the last act of his life was done as Chairman 
of the Committee of Arrangements for the dinner which was to 
have been given in honor of the fiftieth anniversary of the 
foundation of the English Chemical Society. The dinner was 
given up on account of his death. 

Mr. Rupp was a member of the London and also of the Berlin 
Chemical Society. 











THE PROTEIDS OF COW’S MILK. 





By ALBERT R. LEEDs. 





i. 
Upon the three varieties of casein found in milk by BE. Duclaux.* 


According to the first communication of this author, there is not 
simply one variety of casein in milk. Besides solid casein, which 
is seen to fall to the bottom of the vessel on the milk standing (in 
one case representing 0.4 p. c. of all the casein), there is casein in 
a colloidal state, passing through all paper filters, but unable to 
pass through a filter of baked porcelain. After filtration through 
porcelain, the filtrate, containing according to Duclaux, no casein, 
gives a precipitate upon the application of heat (Albumin). After 
filtering off this precipitate, subacetate of lead and Millon’s 
reagent throws down a third albuminoid substance which is the 
lactoprotein of Millon and Comaille. 

He states that if the material arrested by the filter be removed 
and suspended in water, it will nearly all dissolve (7 of it in the 
course of three years) and that it dissolves as lactoprotein, or at 
least with all the characteristics of lactoprotein. Simply suspend- 
ing the casein in water serves to bring about the appearance of all 
those materials which have been met with and sought for as afford- 
ing characteristic reactions in milk. All these are presented, the 
casein passing from one to another by insensible transitions, but 
tending more and more towards those which are perfectly soluble. 
This is stated to be especially perceptible when the casein is sus- 
pended in water which is slightly acid or alkaline. He concludes 
by stating that casein seems to bea plastic substance modifying 
itself in an acid, alkaline or neutral medium and dissolving in 
variable quantities, varying with the time and also with the com- 
position of the liquid. And hence, if the reaction of the liquid be 





* Sur les Matieres Albuminoids du lait. E. Duclaux. Comptes Rendus 
de l’ Academie des Sciences, 98, 373 (1884). 
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changed from an acid to an alkaline, or vice versa, or if any sub- 
stance be added, a precipitate may occur, and thus be originated 
the numerous bodies which have been extracted from milk. 

In a later communication (ib. 98, 438), Duclaux claims for 
his procedure with a porcelain filter, the merit of a new method 
for the analysis of milk. He regards the determination of albumin 
and lactoprotein as vain and illusory, believing that the important 
matter is to separate and determine the casein only. The casein, 
according to this second communication, exists in three forms: 

First. Dissolved casein. 

Second. Casein in suspension. 

Third. Casein in a colloidal condition. 

He restricts himself to the determination of the dissolved casein 
only, because he regards this dissolved casein as ‘‘ The final form 
towards which the two other forms tend, and because its varia- 
tions exhibit all the transformations which milk undergoes whether 
in industrial use or in alimentation.” 

By the porcelain filter he arrests the elements ‘‘ in suspension, 
viz.: the fat, the last two varieties of casein and also a part of the 
phosphate of lime,” whilst the elements ‘in true solution ” pass 
through the filter; viz.: the milk sugar, the remainder of the 
phosphate of lime and the other mineral salts. 

Heat, Duclaux goes on to state, influences the casein but little, 
giving to the suspended casein cohesiveness and changing it from 
a mucous state to one more condensed, which is seen from the de- 
posit on the tube of porcelain after filtration. In boiled milk this 
deposit is always more resistant and less voluminous than in raw 
milk. Slight acidity causes a small portion to pass from the col- 
loidal into the solid state while a slight alkalinity sends a portion 
of the solid into the colloidal condition, but neither of these influ- 
ences sensibly change the proportions of the dissolved casein. The 
same may be said to be true of pressure. Hence the quantity of 
dissolved casein in a sample of milk is very stable, and what is 
more, is seemingly independent of the nature of the milk. Du- 
claux states that he found nearly the same proportion in cow’s milk 
from different sources, and in goat’s, ass’s and human milk. Also, 
that there are two influences which augment the quantity of casein 
in solution, viz. : 
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First.—The addition of water which, however, is but slightly 
active. 

Second.—Intervention of a diastase (‘‘casease”). The latter 
is the more powerful influence, and this casease is prepared by in- 
troducing the microbes which produce it, and which act in a man- 
ner similar to a pancreatic ferment. 

I have repeated the experiments of Duclaux, the especial inter- 
est of which lies in the character and quantities of the substances 
separated out by the porcelain filter, and while my experiments 
accord with his in respect of the great changes in the composition 
of the filtered milk thus obtained, yet there are important, and 
as it appears to me, very significant discrepancies. 

Duclaux obtained : 


‘*In Suspension.” ‘In Solution.” 
BR os <5 kxwadewne 3.32 per cent. eas 
Milk eugar .... <<. <<. 4.98 per cent. 
Casein....-....-.. 3.31 per cent. a4. * « 
Calcium phosphate 0.22 “ < me « 
Soluble salts...... ---- ww « 
6.85 6.35 


In my own experiments a new Chamberland-Pasteur filter was 
employed, the milk being placed in a glass tube 8 feet in height 
and in a funnel reservoir at its top. The funnel was plugged with 
cotton wool to exclude atmospheric micro-organisms. After three 
hours not a drop had come through and aspiration was found re- 
quisite. The reaction of the filtrate was feebly acid, but not more 
so than the milk before filtration. Its specific gravity was 1.021 
at 15°C, while that of the original milk was 1.033. 


Raw Milk. Filtrate. Residue. 
1 D°° ees oe 2.18 none 2.18 
eee 4.749 4.291 0.458 
COSTS Se ee eee 2.96 none 2.96 
Proteids other than 
casein (lactalbumin?) 0.69 0.085 0.605 
RN oe er nie fn ae 0.751 0.414 0.337 











6.540 





oe 11.33 .790 
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The first important difference is that a portion of the milk 
sugar is arrested, ten per cent. of the total amount present re- 
maining in the residue. 

The next is in regard to the casein. The substance termed 
casein in my analysis is the proteid precipitable by dilute acid. In 
the raw milk the total proteids were determined according to Ritt- 
hausen, the casein by dilute acid, and the other proteids as the 
difference. In the filtrate the total proteids were found by deter- 
mining the nitrogen and multiplying by 6.45. Dilute acid pro- 
duced no precipitate and hence casein is put down as entirely 
absent. It is noteworthy that while the proteids as found in the 
filtrate by the above method were 0.119 per cent., their amount as 
determined by precipitation with alcohol was 0.0848 per cent. 
These other proteids had the deportment of “lactalbumin ” and 
are so reported. 

According then to my experiment 2.96 per cent., or all the 
casein, was taken out by the procelain filter and also 0.571 per 
cent. (or 83 per cent. of its total quantity) of the lactalbumin. 

It is still a matter of debate as to the form in which the casein 
exists in milk, many regarding it as in part suspended and in part 
dissolved, whilst Duclaux adds a third condition—the colloidal. 
Certain it is that the porcelain removed it all. 

But there has never been any question as to the condition of the 
lactalbumin, all holding it to be in a state of solution. Neverthe- 
less, the filter, assisted by the dense coating originated during the 
process of filtration, has removed 83 per cent. of this dissolved 
substance. 

The phosphoric anhydride in the solution was 0.085, corre- 
sponding to the tribasic calcium phosphate 0.0185 if we grant 
that it is in this form the phosphoric acid is combined. 

The preceding experiments left quite undecided some questions 
arising from the statements of Duclaux. 

In the first place, the statement that in the course of time nearly 
all the casein redissolves, and that this redissolved casein is filter- 
able through the porcelain, and that the filtrate presents all the 
characteristics of lactoprotein. ‘‘The mere placing of the casein 
in suspension in water is sufficient to provoke the appearance in 
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the liquid of all the series of materials which people :have encoun- 
tered in milk, and to which they have endeavored to ascribe dis- 
tinctive characters. All the terms of this series are present in the 
beginning; the casein passes from one to the other by insensible 
transitions, but it tends more and more towards those which cor- 
respond toa state of perfect solubility.” 

Later on, where he speaks of casein as a plastic substance, Du- 
claux objects to giving different names to the various precipitates 
obtained from milk, regarding the determination of the percent- 
age of dissoived casein as the only point necessary, all the other 
soluble proteids in milk being simply in a condition of transition 
towards this state of dissolved casein. 

If these suppositions are correct, then on washing the residue 
left by filtration on the exterior of the filter by passing a sufficient 
volume of wash water through it, removing it from the filter, dif- 
fusing it in water, dissolving as far as possible the soluble from the 
fatty and other matters and again filtering, the filtrate should 
present the characters of casein, and not of lactalbumin or other 
soluble proteid. 

The results of this treatment were as follows : 


Raw First First Second Second 
Milk. Residue. Filtrate. Residue. Filtrate. 
Cf) 2.47 3.19 3.1474 
Other Proteids 0.94 0.22 0.043 
LS a 4.39 3 j DtOr 
Milk-sugar.__- 1279 | S568 | 
Phosphoric An- 
hydride- -.-.- 0.223: 0.084 0.139 


Calcium Phos- 

phate (caleu- 
lated) ---.-- 0.487 0.183 0.303 
751 0.112 0.639 


Total Solids 12.83 6.87 5.96 1.04 








It will be seen that the statements of Duclaux are not borne 
out by the analytical results. Nearly all the proteids were arrested 
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by the first filtration including all the casein and all the other 
proteids, except the small amount of the truly soluble proteid 
which carried the ferment (0.22 p.c.). And that on the second 
filtration, no casein was present in the filtrate, but, as in the first 
instance, was all arrested by the filter. The still smaller amount of 
the truly soluble proteid which passes through (0.043 p.c.) was in 
all probability the minute amount left in the first residue of total 
casein and lactalbumin and not removed from them by washing. 
The conclusion which may fairly be drawn from these results is : 


First. That whatsoever is the condition of the casein (and the 
reactions are most in accordance with the supposition that it is 
present as an alkaline caseinate), it is held in the milk in a col- 
loidal state, and can therefore be filtered out on a porcelain 
filter. Furthermore, that the lactalbumin is likewise held in the 
milk in a colloidal state, and is filtered out along with the casein. 
But the starch liquefying ferment, the ‘‘ galactozymase,” is in a 
state of true solution and passes through the filter. 

The milk sugar reported as being present in the residue is 
simply that part which is detained in the dense skin or coating of 
proteids and fats, and not removable by washing. <A separate ex- 
periment was made with a milk sugar solution filtered through a 
new Pasteur filter. It was found that the filtrate contained pre- 
cisely the same percentage of dissolved milk sugar as the original 
solution, showing that there was no stoppage of this truly dis- 
solved substance owing to the magnitude of its molecules and 
the fineness of the pores of the filter. 

Nearly as much of the phosphates present are retained on the 
filter as pass through, and they constitute nearly, if not all, the 
mineral residue in the former case. Indeed, if calculated as tri- 
basic calcium phosphate, the amount would much exceed the 
total ash of the residue on the filter. That they do not exist in 
this form is evident, but in what condition of partial saturation 
has not been determined. In this connection the influence of 
lime upon the precipitation (or coagulation ?) effected by rennet 
is noteworthy, as is also the relation which the phosphoric acid 
bears to the casein molecule. 
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II. 


The casein obtained by the action of rennet, and the casein 
obtained by the action of dilute acid. 


In a recent communication by Prof. W. D. Haliburton,* the 
proteid which is present in the milk is termed caseinogen, and 
that which composes the curd found under the ferment action of 
rennet is termed casein. And still further the casein-producing 
substance (or caseinogen) is not only called caseinogen while it 
stands for the proteid as it exists in milk, but after it has been 
precipitated out of solution by the action of a dilute acid, like 
acetic acid. 

The nomenclature appears to be based upon the interpretation 
given by Hammersten to the results which he obtained while 
studying the action of rennet, and from which he concluded that 
the rennet acting as a ferment produced two substances neither of 
which exist pre-formed in the milk. One of these is the insoluble 
part, the curd, called above casein, the other a soluble proteid, 
called by Haliburton whey-proteid. 


In other words, caseinogen plus rennet produces casein plus 
whey-proteid, and caseinogen plus acetic acid produces caseinogen 


plus acetate of ? 

According to Hammersten the above casein (from rennet) differs 
from the casein (produced by acid) by its lesser solvent power upon 
calcium phosphate, and especially by its no longer having the 
property of coagulating under the influence of rennet. According 
to Haliburton in order to restore to casein (produced by acid, his 
caseinogen) the casein producing property, it must be redissolved 
in an alkali, preferably lime, with the addition of phosphoric acid, 
in order to form the necessary amount of calcium phosphate, and 
so finally rendered coagulable by rennet. Only after this manipu- 
lation does it give the insoluble curd and the soluble whey-proteid. 

I find it very difficult to draw the inferences above stated from 
the observed facts. That both alkaline substances and phosphoric 
acid play an essential part in the phenomena is admitted. But no 
one, so far as I am aware of, has traced out the effect of these 





* The Proteids of Milk, Journal of Physiology, 11, 449. 
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mineral salts satisfactorily, nor shown what manner of combina- 
tions they form with a proteid (probably a complex organic acid) 
like that we are dealing with. 

The hypothesis at present most generally entertained is, that 
the casein exists in combination with the alkali only, and that on 
forming with the aid of the dilute acetic acid an aikaline acetate, 
the casein is set free. But this reaction and the difficulty of 
identifying the casein such as it exists in milk with alkali-albumin- 
ate in all respects, are both reconcilable with the possibility of the 
existence in milk itself of a complex compound of the casein-pro- 
ducing substance and the mineral substances present. 

When rennet is used, the casein-producing substance is in part 
precipitated along with some of the phosphoric acid and mineral 
constituents, and another part remains in solution associated with 
the remainder of the phosphoric acid and mineral salts. And 
until these two portions, the insoluble and the soluble, are ob- 
tained free from the mineral salts accompanying them it would 
appear to me to be premature to state that the proteid precipi- 
tated by rennet is in itself different from the proteid precipitated 
by dilute acid. And furthermore, until the influence of these 
mineral constituents is allowed for, that it is premature to state that 
rennet acts as a ferment in such wise as to form two new proteids, 
an insoluble and a soluble, neither of which existed pre-formed in 
the milk. 

These difficulties were not lessened by my own experimental re- 
sults. On coagulating some milk with rennet, and examining 
both curd and whey I found : : 


Raw Milk. Curd. Whey. 

Proteids precip. by acid -...---- 2.47 Total Proteids 2.41 -... 

Proteids non-precipitable by acid 0.94 Total Proteids .... 1.00 

Phosphoric anhydride---.-.-.-..-- 0.223 0.102 0.121 
Calculated as 

Tricalcic phosphate. ...-...-.-- 0.486 0.222 0.264 

DG e nacevicwausaaneteuseecaeee 0.751 0.247 0.504 


From which result it would appear that the proteid precipitable by 
acid (casein), and that non-precipitated (lactalbumin) in the raw 
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milk are respectively the same as the total proteids in the curd or 
casein produced by rennet and in the whey. Ifa new soluble pro- 
teid (the whey proteid) is produced by the action of rennet, then 
I should have anticipated that the total soluble protcids in the 
whey would have been materially increased. But this is not the 
case. 

Furthermore, both the curd and the whey contain about the 
same amount of phosphoric acid, and this and the other mineral 
bodies remain in each to modify profoundly their deportment with 
the reagents used as tests. 


III. 


Upon the Three Varieties of Proteids Present in Cow’s Milk accord 
ing to A. Bechamp, and upon the Phenomena of Coagulation*. 


This author discusses and objects to the many distinct phenom- 
ena which chemists describe under the one term coagulation. In 
this article he applies the term to the production of proteid pre- 
cipitates insoluble in water, by means of alcohol and by heat. 
And on the supposition that the casein in cow’s milk exists as an 
alkali-albuminate from which the coagulum is thrown down 
simply by displacing the alkali with the aid of an acid, he speaks 
of precipitating the casein, not of coagulating it. His experiments 
are directed to showing, moreover, that casein is a soluble sub- 
stance and that it is not coagulable. , 

He finds that besides casein there are two other proteids present 
in milk, one of which is coagulable by alcohol (lactalbumin) while 
the othér is not (galactozymase). Both are coagulable by heat, 
and are rendered by it insoluble in their natural solvents (by which 
he refers more especially to water). 

The procedure followed by Bechamp is as follows: ‘To prepare 
pure casein he adds to the fresh milk, in the cold, acetic acid, drop 
by drop, until the liquid plainly turns litmus paper the color of 
onion skin, at which point the dicaseinate first formed is com- 
pletely decomposed. Soon after the milk is curdled. The whey 
filters clears whilst the casein in precipitating, brings down the 








*Bull. Soc. Chim, (8), 4, 181-186. 
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‘milk globules” and ‘‘ microzymes.” The precipitate is then 


washed to free it from all the soluble matters, and after draining 
its fat is extracted with ether. Then, after being again washed 
with water, it is diffused through a volume of water equal to that 
of the milk originally taken, and which has been rendered dis- 
tinctly alkaline with ammonium sesquicarbonate. The precipitate 
dissolves, but the solution becomes turbid from the debris of the 
globule envelopes and from the microzymes. The casein is then 
precipitated by adding just sufficient acetic acid, and washed with 
water. If it is pure, the wash waters are not rendered turbid 
either by ebullition, or by the addition of alcohol. If they are, it 
is necessary to redissolve and reprecipitate, etc. © By prolonged 
washing the casein is obtained in a pure condition always present- 
ing the same characters. 

It dissolves slowly and in small amount at common temperatures, 
a litre of water dissolving during 52 hours 1.005 grm. It melts at 
higher temperatures and its solubility increases ; 2.37 grms. going 
into solution in a litre of water raised to ebullition. 

It deports itself as a feeble acid which acetic acid precipitates 
from its solutions, as in milk (so Bechamp states, although it would 
appear from his earlier statements in this article, that it is with 
alkali caseinate we have to do in milk and not pure casein), on ac- 
count of its relative insolubility. It is not coagulated by acid or 
heat. Its solutions redden litmus paper in the same manner as 
carbonic acid ; but it can form with potassa, soda, ammonia and 
lime, soluble acid caseinates which redden litmus and which car- 
bonic acid does not precipitate. The caseinates of these bases 
form solutions which are not precipitated by alcohol and which 
are not coagulable by heat. At the boiling point, however, a solu- 
tion of calcium caseinate appears to coagulate, but on cooling the 
apparent coagulum dissolves. All these reactions distinguish 
casein from albumen. 

The whey from the casein is coagulable by heat and the coagu- 
lum is at the same time insoluble in water and in ammonium ses- 
quicarbonate. To the clear whey alcohol of 95% is added as long 
as a precipitate forms, two volumes at least being required. The 
voluminous precipitate is freed from milk sugar by means of alco- 
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hol of 80%, then drained and before drying it is stirred into water 
and after an interval thrown upon a filter. Something dissolves 
which is precipitable by alcohol, and the washing is therefore con- 
tinued until the wash water gives no precipitate with alcohol. 

The undissolved portion is dissolved by dilute solution of ammo- 
nium sesquicarbonate, leaving an insoluble residue of mineral mat- 
ters. The ammoniacal solution, treated by acetic acid, forms a 
precipitate which when collected and washed with water repre- 
sents lactalbumin. 

The part precipitated by alcohol but soluble in water is galacto- 
zymase. When it has been freed from lactalbumin by repeated 
solutions and reprecipitations, it is completely soluble in water, 
and it can come to pass that alcohol will no longer precipitate it 
except on the addition of a trace of sodium or ammonium acetate. 
The galactozymase of cow’s milk liquefies starch paste but without 
saccharification. ; 

It is evident that lactalbumin exists in the whey in a soluble 
form. But on precipitation with alcohol it loses its solubility in 
water, while remaining soluble in ammonium sesquicarbonate. If, 
however, it is diffused through water and heated to 100 degrees, it 
contracts without softening and becomes insoluble not only in am- 
monium sesquicarbonate but also in dilute ammonia. 

Galactozymase is in no wise coagulable by alcohol, but yields so- 
lutions which heat coagulates whilst depriving them at the same 
time of their zymasic function. 

The specific rotatory power of the aqueous solution of casein for 
sodium light is (a)j=—117° ; the rotatory and other definite prop- 
erties of lactalbumin and galactozymase distinguish them absolutely 
from casein and from albumin, and prove them to be sharply de- 
fined, distinct chemical species. 

Inasmuch as I have been attempting to discriminate between 
raw and heated milk by whatever processes appeared available, I 
have repeated the valuable work of Bechamp in this connection, 
and have obtained certain interesting results. The method was 
employed as a basis for »nalysis, the milk analyzed (A) being in 
part raised to boiling / _, and in part heated in a sterilizer for one 
hour at 100° (C). 
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A B C 
Casein, 3:37 3.559 3.653 
Lactalbumin, 0.428 0.534 0.366 
Galactozymase, 0.314 0.055 0.056 
4.112 4.148 4.075 


The conclusions arrived at from these analyses are : 


Ist. Raising the temperature of milk to the boiling point, and 
still more the retaining of it in that condition for a lengthened 
period, as in sterilization, converts a considerable portion of the 
soluble into insoluble proteids. 

2d. The effect of heat is greatest upon the galactozymase, which 
is as much thrown out of solution by raising the milk to boiling, 
as it is by keeping it at 100° for an hour. 

3d. By prolonged heat the lactalbumin is also partly thrown out 
of solution in the milk. I say milk, because I am speaking of 
what takes place in presence of the saline and other constituents 
of milk, and not what may be true of the coagulability and in- 
solubility of these proteids under other conditions. 

4th. If these analyses are correct, raw milk should possess the 
power of liquefying starch. Milk from which the casein is re- 
moved should have that power. Both whole milk and milk 
deprived of casein should lose the power of liquefying starch 
merely on its temperature being raised to the boiling point. These 
suppositions were confirmed by experiments narrated under a 
separate head. 

5th. By heating, the percentage of what is put down in analyses 
as casein is increased, the increase and the error being greater as 
the boiling is continued. 

6th. I have been unable to satisfy myself that the portion of the 
casein insoluble in ammonium carbonate represents the debris of 
the envelopes of the fat globules and the “‘ microzymes.” If so, 


and these envelopes exist, they must be of marvelous tenuity, 
since the weight of this portion amounted to only 0.0256°.* 





*On repeatedly shaking milk with bisulphide of carbon, the latter 
separates out, carrying with it a white substance which imparts to the 
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‘* The theory of an envelope to the fat globules in milk is per- 
sistent, but difficult to maintain. Babcock’s experiments on but- 
ter making showed that churning cream above 85° F. merely 
reduced the size of the globules. The globules cannot renew 
their envelopes in proportion to their size as they break up ; yet 
they are not changed in properties, as they would be if the en- 
velope had been destroyed by rupture. 

‘* Apart from the action of fat solvents on milk fat when in its 
normal condition, there is little to suggest the existence of an en- 
velope. May not theapparent properties of an enveloped globule 
be equally well explained by the theory of a globule of fat sus- 
pended in a liquid of different constitution from pure water, 
somewhat ropy or. mucilaginous, as milk.apparently is, and there- 
fore exhibiting different relations of surface tension with refer- 
ence to the fat globule, as compared with the relations held to the 
latter by pure water?” 


IV. 
Upon the Starch Liquefying Ferment in Cow’s Milk and 
Human Milk. 


If it be true, as the conclusion set forth under the fourth head 
in the preceding article would intimate, that there is naturally 
present in untreated milk a starch-liquefying ferment, the result 
would be of much interest from its bearing upon infant nutrition. 

Inasmuch as changes might be produced in the milk by the 
processes and reagents employed, I experimented in the first place 
upon the limpid sterilized liquid obtained with the Pasteur filter, 








bisulphide layer at the bottom almost the appearance of barium sulphate 
precipitate. After many washings with water, this yielded after evapora- 
tion a percentage of nitrogen corresponding to 0.51 p. c. of the milk 
treated. It was thought that by osmose the bisulphide might extract the 
fat, leaving the envelopes of the fat globules intact. I do not consider 
the above as adding anything additional to the inadequate experimental 
‘evidence on which the existence of these hypothetical envelopes rests, and 
quote the following comments by Prof. Breneman upon this point. His 
description of the character of the fluid part of the milk, as ‘‘ somewhat 
ropy or mucilaginous,” I have quoted as aptly expressing a similar con- 
ception on my own part. 
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and which contained in all but 0.119 per cent of proteid matter. 
The amount and energy of the ferment cannot be otherwise but 
small, for on treating a paste of one grm. of starch in 200 c.c. water 
with 5c. c. of this liquid, it required from 3 to 6 hrs. digestion at 
34.5° C. to render the starch entirely fluid. As such it ran readily 
through a filter, whereas before digestion with ferment it was un- 
filterable. 

On heating to 75° C. the ferment was destroyed, a white coagulum 
being formed, and the filtrate from the Pasteur filter being en- 
tirely without action on starch. 

The same results were obtained with 5 c. c. of the original cow’s 
milk. It liquefied the starch paste, but after heating to 75°, or 
still more readily on boiling, entirely lost this property. 

The whey obtained from the milk by the action of rennet was also 
destitute of a ferment capable of liquefying starch. As a control 
experiment, the rennet itself was tested and likewise found to be 
without such action. 

On throwing down the casein with dilute hydrochloric acid, the 
filtrate appeared to have a slight action on the starch. 

Human milk behaved in the same manner as cow’s milk, but 
appeared to act with somewhat greater energy. On heating to 
75° C., it entirely lost its power of liquefying the starch. 

The percentage of galactozymase it will be noted is quite com- 
parable to that of the lactalbumin in the analysis previously given, 
being as 0.314 to 0.428 per cent. But the result of the repeated 
— and the solution would all tend in this direction : that 

, to raise the percentage of what is put down as galactozymase. 
In the same milk, after heating to boiling, and at 100° C. for an 
hour, the same body is obtained by analysis though in much 
smaller amount, being only 0.055 per cent. It is doubtful if it is 
present at all since these heated specimens had entirely lost the 
starch liquefying property. 

It is more probable that the correct amount of the galactozymase 
is more nearly represented by the small percentage of coagulable 
proteid obtained in the filtrate from the Pasteur filter 0.119, and 
which possessed more strikingly the property of starch liquefac- 
tion than any other condition or derivative of the cow’s milk ex- 
perimented upon. 
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It is, therefore, to be inferred that there is in cow’s milk, besides 
the casein and albumin existing in a colloidal condition, and 
which are removed by filtration through a porcelain filter, a 
third proteid which is soluble and dissolved in such a condition 
that is passes through the filter. This proteid appears to be the 
galactozymase, which already has been differentiated from lactal- 
bumin on the ground of greater solubility and other properties. 


¥. 
The Behavior of Raw and Sterilized Cow’s Milk with Acid and 
Rennet at 34.5° C. 


In the preceding comparisons of raw and heated cow’s milk, the 
tests and analyses were made upon the samples when cold. But it 
is evident that the natural physiological processes of digestion take 
place at a higher temperature, and that deductions based upon 
tests made in the cold might lead one quite astray in relation to 
the phenomena of nutrition. The milk was diluted with eight 
times its volume of water. 

Sterilized one hour 
Raw. at 100° C. 
0.2 p. ec. hydro- No precipitation. Merelya Similar to the 
chloric acid. turbidity like dilute milk. raw. But more 
opaque (clots 
of albumen). 


Rennet. Imperfect coagulation. Similar to raw. 
Opaque liquid and fil- No curd sepa- 
trate. rating, but 


slimy clots. 
The experiments were then repeated on the raw and sterilized 
milk without dilution. After digestion with dilute acid and ren- 
net for fifteen minutes they were cooled to 15° C., then diluted 
with eight times their volume of water and the precipitate, if pos- 
sible, separated from the filtrate. 
Sterilized one 


Raw. hour. 
0.2 p. c hy- Imperfect precipita” Similar to 
drochloric tion. Turbid liquid raw, but non- 
acid. and filtrate. filterab le. 


Clots. 
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Rennet. 


Rennet + 0.3 15 mins. 
p- C. hydro- 
chloric acid. 1 hr. 


30 hrs. 





THE PROTEIDS OF COW’S MILK. 


Curdled at once. 


Curd 
See Analyses. 
Whey 


Same appearance as 
with HCl alone. 
As above. 


Some clots in clearing 
liquid. 





ow 


O4 


No curd se- 
parating. 
Clots (separ- 
ated albumen) 
as found in 
milk long 
heated to 100° 
C. 


Same as raw. 


Some clots. 
Liquid 
opaque. 


Preceding experiments repeated, but with 0.3 p. c. pepsin added. 
The curdling with rennet was done before dilution, the raw 
milk setting at once to a stiff jelly, the sterilized forming no 


jelly. 

0.3 p.c HCl 15 mins. 
+ 0.3 p. ¢. 

pepsin. 


30 mins. 


1 hr. 


30 hrs. 


Rennet + 0.3 15 mins. 
p.c HCl + 
0.3 p. c. pep- 
sin, 


Raw. 
Very similar to expt. 
with HCl alone. 


Granular, from an in- 
ciplent separation. 


Large flocks in tur- 
bid menstruum. 


As preceding, but 
menstruum clearing. 


Fine coagula at sur- 
face, liquid perfectly 
clear. 


Curd rapidly dissolv- 
ed. Same as with gas- 
tric juice alone. 





Sterilized. 


Same as raw. 
No change. 


Beginning 
to granulate. 


Some sepa- 
ration, flocks 
beginning to 
form. 

Similar to 
raw, but 
liquid not 
perfectly 
clear. 

Coagula at- 
tacked and 
finally _ like 


raw. 
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30 mins. Granular. Unchanged. 
1 hr. Flocks in turbid men- Unchanged, 
struum. no flocks. 
14 hrs. Menstruum clearing. Unchanged. 
30 hrs. Fine coagula on sur- Coarse co- 
face. Liquid clear. agula on top. 
Liquid __tur- 
bid. 
VI. 


Behavior of Raw and Sterilized Milk with Acid, Rennet and Arti- 
ficial Gastric Juice at 43° C. 


Having noted the results obtaimed with acid alone and rennet 
alone, it was desirable to repeat them in connection with the 
peptic ferment, to determine the relative action of the reagents 
employed, and the relative digestibility in these media of the milk 
before and after sterilization. 25 c.c. of the milk was used and 
made up to 200 c.c., the solution containing 0.3 p.c. real 
hydrochloric acid. The experiments were first repeated with these 
materials alone and then afterwards with rennet, no pepsin 
being employed. 


Time. Raw. Sterilized. 
15 mins. ‘Translucent, the solids Same as raw. 
somewhat dissolving. 
0.3 p. ¢. 
Hydrochloric lhour. Sameasabove. No a 
Acid. Precipitation. 


6é é é 


30 hours. No further change. 


15 mins. Imperfect coagulation. Similar to raw. 
Opaque and like the 
Rennet alone. mixture of milk and 
water alone. 
lhour. Similar to above. 
30 hours. Coagulated. Slimy clots, not curd. 
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The milk employed in these experiments was carefully analyzed 
with the hope of determining the amount and nature of the 
changes. But inasmuch as the hydrochloric acid appeared not 
only to combine with and carry some of the casein into solution, 
but also to form with the casein imperfectly or not at all precipi- 
tated, a turbid non-filterable liquid, the analyses could not be 
proceeded with. The only quantitative result was that yielded by 
rennet. But even the curd formed by it could not be filtered from 
the dilute and turbid whey, by means of ordinary filters. It was 
necessary to use a Pasteur filter. This separated all the proteids 
except that minute amount which appears to be persistently 
soluble, and did not give a true result as to those which were 
present in the curd and those which remained behind in the whey. 


Original Filter Residue. Filtrate. 


Milk. 
Other proteide 2.....7..0.813 | 3.01 0.123 
Sanat 4.05 3.07 
Ash -------- ---------- 0.772 0.254 0.518 
VIL. 


Artificial Digestion of Raw and Sterilized Cow’s Milk. 


An attempt was then made to determine quantitatively the 
amount of change effected in ‘raw and sterilized milk, by operat- 
ing upon portions of the same sample of milk before and after 
heating, with artificial gastric juice and with pancreatic ex- 
tract. 

25 c.c. of milk was used in each experiment, the peptic diges- 
tion being as previously stated. In the pancreatic the 25 c.c. was 
made up to 200 c.c. with water containing in solution 195 mgms. 
(8 grains) sodium bicarbonate and 65 mgms. (1 grain) pan- 
creatin. After digestion for six hours at 43°, the liquids were al- 
lowed to stand over night and then filtered. The peptic products 
could be filtered in the ordinary manner, since the liquid portions 
were clear and limpid. But those from the pancreatic digestion 
were not clear and were only filterable through porcelain. 
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The raw milk which was employéd in the experiments was com- 
pletely analyzed with a view of determining the condition of all 
the constituents in the product of digestion, but the research was 
beset with so many difficulties, that at present the only figures re- 
ported are those for the residues : 

Peptic Digestion. Pancreatic Digestion. 


Original : , : 
5 Residue from Residue from 


| Milk. Raw Sterilized. Raw Sterilized. 
Casein . 6.22.2. 2.58 

Other proteids..0.84 

Total proteids - 3.42 0.153 0.449 1.26 2.596 
oe éovseeee 

Milk-sugar ----- 4.69 

Se 0.7 


The fat globules appeared to remain quite unaltered during the 
process of digestion, and this was true not only of. the peptic, but 
of the pancreatic action, although in the latter the reaction of the 
menstruum was alkaline. Under the microscope in the latter case, 
no change could be discovered in the appearance of the fat 
globules, either as to size, form or probable number. This remark 
is more especially true of the products from the raw milk which 
exhibited but little else than the fat globules, the shreds of residual 
nitrogenous matter, being relatively’ inconspicuous. The resi- 
due from the sterilized milk exhibited more undigested nitro- 
genous matter, and this adhered in many places to the fat 
globules, somewhat distorting their outlines with sharp angular 
indentations. But the phenomena were not in accordance with 
the supposition that the fat globules were originally encased in a 
membranous envelope. In one instance at least, the nitrogenous 
residue was submitted for many hours to further digestion (the 
residue from the peptic action on raw milk) and no further solu- 
tion occurred. Furthermore, this particular residue, amounting 
to only 0.153 p.c., in all probability was suspended as. insoluble 
matter in the original raw milk. It gave the reactions of Nuclein. 
In the ordinary course of analysis it would be thrown down along 
with the precipitate produced by dilute acid, and would be in- 
cluded in the casein. 
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The residue from the sterilized milk was much greater in both 
the peptic and pancreatic digestion than that from the raw. With 
both varieties of milk the latter digestion gave greater residues 
than the peptic, but the amount of pancreatin employed was rela- 
tively less also. That the effect of sterilizing was greatly to retard 
the rate, and diminish the amount of digestion was evident. The 
clinging of the undigested residues to the fat globules of the ster- 
ilized milk was also a prominent adverse factor. 


CONCLUSIONS. 

From the preceding discussion it would appear that there are 
three classes of substances which are present in normal cow’s 
milk. 

lst. Substances in suspension, including : 

Nuclein, ,an organic compound containing phosphorus, the 
composition of which has not as yet been satisfactorily de- 
termined, 

Fat globules, destitute of envelopes, and swimming in a colloid- 
al (‘‘ somewhat ropy or mucilaginous”) fluid, the physical charac- 
ters of which are favorable to their persistance as separate glob- 
ules under ordinary conditions of temperature and reaction. 

2d, Substances present in a colloidal condition, including : 

Casein and lactalbumin, the former of which appears to be in 
combination with alkali, and probably also with lime and phos- 
phoric acid, and is precipitable by dilute acid. 

3d. Substances present in solution, including : 

A nitrogenous starch liquefying ferment ‘“‘ galactozymase” 
milk-sugar. 

Common salt and certain soluble compounds of phosphoric 
acid. 

The noted effects of sterilization are : 

The starch liquefying ferment is destroyed and coagulated. 
After coagulation the ‘‘ galactozymase” is insoluble and is carried 
down with and included in the precipitate obtained on addition 
of dilute acid. 

A portion of the lactalbumin as it exists along with the other 
substances presentin milk, is coagulated. But this coagulation is 
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only partial, even after long continued heating. Its effect, how- 
ever, is to thicken the milk and ‘intensify its colloidal (ropy or 
mucilaginous) character. 

The casein is not coagulated by the heat, but is less readily 
coagulated by rennet, and yields slowly and imperfectly to the 
action of pepsin and pancreatin. 

The fat globules themselves are somewhat affected by the heat, 
and after standing for some time lumps of butter-fat have some- 
times been observed on the surface of the milk. But the coagu- 
lated proteid matters attach themselves to the fat globules and 
probably have an influence in bringing about the less perfect as- 
similation of fat, which has been noted by various observers as 
true of infants nourished upon sterilized milk. 

The milk-sugar by long continued heating is completely des- 
troyed, and is probably affected to a certain extent.during the 
interval ordinarily allowed for sterilization. 

Sterilized milk is less readily and less perfectly digestible than 
raw milk, and if sterile milk is sought for, the present desideratum 
is to obtain it either directly from the animal, or by a process not 
accompanied by such serious drawbacks. In the performance of 
the many analyses required in the course of this investigation, I 
desire to acknowledge the aid of my assistant, Mr. William G. 
Johnston. 














SIGNIFICATION OF LACTOMETER TESTS. 





. By JosepH F. GrIsLER. 





The lactometer plays such an important part in the sanitary in- 
spection of milk, that it may not be amiss to inquire into the 
signification of the lactometer tests, inasmuch as the indications 
of the same are frequently misinterpreted. The lactometer is 
familiarly known as aspecial form of delicate hydrometer or specific 
gravity instrument adapted to the requirements of milk testing. 

The lactometer adopted by the N. Y. City Board of Health some 
years ago is a glass hydrometer about twelve inches long, the stem 
containing the scale being about 54 inches in length, and the bulb 
and weighted section making up the rest of the instrument. 

There are also lactometers in use containing a delicate thermom- 
eter so that the temperature and specific gravity can be read off 
at once. 

The instrument is so standardized that at 60° F. itsO mark will in- 
dicate the specific gravity of water, its 100° and 120° marks a 
specific of 1.029 and 1.0348 which have been adopted respectively 
as the lowest and highest specific gravities of pure milk. The 
greater the space between the 0 and 120° mark on the scale the 
more delicate is the specific gravity indication. 

The general directions for using the lactometer are as follows: 
‘“‘The milk to be tested should be warmed or cooled, as the case 
may be, to a temperature of 60° Fahr. The lactometer is placed 
in it, care being taken not to wet that part of the stem above the 
milk, The mark at which it floatsis now noted. Now take the 
lactometer out of the milk, and observe whether the thin film ad- 
hering to it runs rapidiy off, and whether the milk appears thin 
and bluish, and the taste of the milk is flat and watery: if such is 
the case, and the lactometer floats at some point less than 100—as, 
for instance, 90—we are reasonably certain that water has been 
added. If the appearance and taste are as before stated, and it 
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floats at some points greater than 100, it may be skimmed, or 
skimmed and watered.’* 

Much depends upon the care and judgment of the operator in 
the use of the instrument, and it is apparent that considerable 
latitude is left for the exercise of personal opinion in drawing con- 
clusions as to the indication of the test. 

Inasmuch as the lactometer indicates the specific gravity it is 
pertinent to ask—To what extent is the specific gravity an 
indication of the purity of the milk? Does the sp. gr. indicate 
the composition of the milk? ‘To those who are conversant with 
the facts, the questions may seem ridiculous, but those who by 
their blind faith in the indications of the specific gravity have 
come to grief will consider the question all important. 

It is a well known fact that milk contains varying percentages 
of fat, casein, albumen, sugar, and saline matter, suspended or 
lissolved in a varying percentage of water. The different constit- 
uents affect the specific gravity in different degrees and their sum 
total determines the specific gravity of the milk at a given tem- 
perature. 

It is argued that in pure milk the specific gravity does not 
exceed certain fixed limits, so that anything beyond these extremes 
is prima facie evidence that the milk is adulterated. 

Let us first give our attention to milk the specific gravity of 
which is within the adopted limits of 1.029 (100° Lact.) and 1.0348 
(120° Lact.). 

The most common form of adulteration of milk consists in the 
addition of water or the removal of cream, while not unfrequently 
both practices are resorted to simultaneously. Since fat is lighter 
than water the removal of cream (cream usually contains 35 to 
50% of fat) raises the specific gravity, while by a careful addition 
of water the sp. gr. can be again lowered to its former standing. 

Hence the mere indication of the sp. gr. would not reveal the 
adulteration. Again a milk unusually rich in fat could have some 
of the fat removed without increasing the specific gravity suffici- 
ently to even raise a suspicion. 

Thus taking for illustration 10 gallons of milk having a specific 
gravity of 1.030 and containing 4.5% of fat, we should have 1318.4 





* First Annual Rep. of the New York State Dairy Commissioner, p. 96. 
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ozs. of milk containing 59.32 ozs. of fat. If from such a milk .94¢ 
of fat (or 11.86 ozs.), which is just 20% of the total amount of fat, 
were removed, it would still leave 3.6% of fat in the milk, while 
the sp. gr. would be raised to only 1.0306 to 1.0307, or 106° lact. 
Such a milk would not reveal anything definite by the lact. test, 
or in its physical appearance and would pass the usual routine of 
inspection. 

There can be no question but that considerable adulterated 
milk passes the lactometer inspection which, even upon the 
adopted standards, would not be detected by the ordinary routine 
of chemical analysis. It is reported upon good evidence that such 
practices are frequently made use of in some creameries, and it is 
only through circumstantial evidence that such fraudulent prac- 
tices can be proven sufficiently to have the perpetrators prosecuted. 
It is evident that such errors are all in favor of the milkman. 
There is a pathetic side to the question. How about the middle- 
man?* It is not an unfrequent occurrence to find milk at 102° to 
106° lactometer, which upon chemical analysis is shown to be adul- 
terated. The physical appearance of the milk and the manner in 
which it runs off the lactometer is very much affected by the re- 
action (degree of alkalinity or acidity), age, viscosity, the size 
of the fat globules and the degree of color of the fat. Milk with 
very small fat globules of high color, will have a better appear- 
ance than a milk with larger fat globules of lighter color, other 
things being equal. It is for this reason, probably, that the Jacto- 
scope at times gives such very erroneous results, even in the hands 
of skilled operators. 

Proportionally there is very little pure milk sold in bulk which 
will not stand the lactometer limits of 100° to 120° at 60° F.  Oc- 
casionally, however, pure milks are found which stand only 95° 
to 98° on the lactometer. Their low specific gravity is due to 
richness in fat, and if this is of light color the appearances easily 
give rise to suspicion of adulteration, while the milk may be of 
exceptionally rich quality. It is not a very unusual thing for 
pure milk, which under ordinary conditions would satisfactorily 





*Itis evident that the middleman relying upon the lactometer tests must 
suffer the consequences of any erroneous indication of that instrument. 
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stand the lactometer test, to give readings considerably too low 
when such milk has been drawn for long distances over rough 
roads. It is probable that under some conditions the milk be- 
comes erated through the constunt agitation inthe cans. At least 
this seems the most plausible explanation to account for differ- 
ences found between the inspection tests and those made later at 
the laboratory and verified by the picnometer. It is possible, too, 
that the stem of the lactometer used by the inspector had become 
soiled so as to depress the instrument lower than would otherwise 
have been the case. In several cases the inspection tests were as 
much as ten degrees too low. It must be evident that the lacto- 
meter tests are not so reliable as some believe them to be, and it 
is essential that duplicate samples be taken for analysis to verify 
the lactometer. Fortunately milk vendors are no longer subject to 
the barbarous practice of condemning milk by the lactometer 
alone, without giving or retaining a sample for further examina- 
tion. There is little doubt that the lactometer has brought 
innocent persons to grief, and it must also be acknowledged that 
it has passed many an habitual adulterator. Jn experienced 
hands it is a useful instrument, but is not infallible in its indi- 
cations. 

It may appear that the instrument is indirectly an induce- 
ment for milk vendors to adulterate their milk, for they can 
water and skim the milk, and by means of the lactometer ad- 
just it to pass the inspection tests by this instrument. This is not 
fancy but is based upon fact, for there are persons who have been 
cunning enough to resort to the practice. To cite a case: Milk 
No. 20 in the table represents the analysis of a sample taken from 
a can of milk which had been subjected to skillful manipulation 
by one who was also caught in the act. Unless the source of the 
milk and the quality of the milk yielded by that particular dairy 
were known, it would be impossible for the analyst to certify, from 
the mere data of the analysis of the sample, that such a milk was 
adulterated. ‘To show that the lactometer does not indicate the 
composition of the milk, reference to the following table will 
suffice. 
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TABLE OF ANALYSES, 


I}lustrating differences in lactometer degrees and composition of 
the milk : 


Deg. Lact. Sp. Gr. %H,0O. Solids. % Fat. Cas. & Ash. 
at 60° F. 


Sugar. 
98° 1.0284 87.661 12.339 4.409 7.212 .718) Pure Milk 
97.2° 1.0282 86.993 13.007 4.782 7.527 .698¢ “ « 
97° 1.0281 87.094 12.906 4.860 7.346 .700 
98° 1.0284 88.436 11.564 3.759 7.123 .682 
98° .0284 89.463 10.537 3.013 6.809 .715 
98.2° 85 88.333 11.667 3.812 


a2 a3 


-192 .663 


— 
i St SU fo 20 


7 

1 6 

1.028% 7 
101° 1.0293 88.382 11.618 3.533 7.427 .658 
100° 1.0290 86.620 13.380 5.239 7.521 .620 
101° 1.0293 87.145 12.855 4.709 7.477 .669 
100° 1.0290 89.055 10.945 3.107 7.040 .798 
11. 96° 1.0278 88.899 11.101 3.439 7.010 .652 
2. 86° 1.0250 88.874 11.123 3.857 6.613 .646 
13. 110° 1.0320 88.927 11.073 2.767 7.581 .725 
14. 82° 1.0237 89.207 10.793 4.030 6.192 .571 
15. 106° 1.0306 88.678 11.322 3°047 7.572 703 
16. 104° 1.0300 85.962 14.038 5.624 7.701 .713 
7. 110° 1.0320 88.927 11.073 2.767 7.581 .725 
18, 113° 1.0327 88.124 11,876 3.106 8.039 .731 
19. 89.5° 1.0260 85.779 14.221 6.370 7.188 .663 
20. 112.5° 1.0326 87.106 12.894 3.692 8.423 .779 


Milks Nos. 1 and 2 were known to be pure. The remainder had 
been seized by inspectors as suspected samples, of which 3, 8, 9, 16 
and 19 were above the State law requirements. 

In groups 1-6 and 7-10 the lactometer degrees are about the 
same for the respective groups, the percentage of fat and solids 
varying, while in 11-14 the solids are about the same and the 
lactometer degrees varying widely. 

Nos. 16 and 19 were taken as ‘‘ suspicious” samples by inspec- 
tors, but the analyses showed them to be very rich milk, the 
solids being about the same but the specific gravities varying 
widely. No. 20, although above the New York State law standard 
as to solids and fat, is the adulterated sample already referred to. 

In the table a comparison of Nos. 7, 8, 9 and 10, which 
contain nearly the same percentage of solids, will show how 
a slight difference in the percentage of fat affects the specific 
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gravity. Thus between 7 and 8 the difference in fat is but 
.42%, and that of the lactometer degrees 10, while between 9 
and 10 the difference in solids is but .32%, but the lactometer 
degrees 28 and the percentage of fat 1.26. Of course such differ- 
ences are also attended by changes in the physical properties of 
the milk and can in most cases be recognized by experts. 

A careful comparison of the data in the table presented will 
illustrate that the specific gravity alone is not an indication of the 
purity or composition of the milk. Lactometers ought to be 
restricted in their use. They are certainly useful in sorting milk, 
and under certain conditions sufficient to at once condemn milk 
absolutely. For a correct interpretation of the lactometer degrees 
in the examination of milk some other factors such as the per- 
centage of total solid or fat are essential. A careful and proper 
use of the lactometer shows the specific gravity of the milk, but 
any inference beyond that depends largely upon the ability and 
experience of the operator. 





ESTIMATION, BY TITRATION, OF DISSOLVED CARBON 
DIOXIDE IN WATER. 


By ALBERT R. LEEDS. 


In the determination of the amount of lime requisite to pre- 
cipitate the dissolved carbonates of lime and magnesia in natural 
waters, the discrepancy between the amount of carbonate remain- 
ing in solution after precipitation, and the calculated amount, is 
increased by failure to estimate and allow for the dissolved carbon 
dioxide present. This dissolved carbon dioxide interferes with 
the results obtained by the use of soap in the estimation of dis- 
solved calcium carbonate. For this and many other reasons I 











































ESTIMATION OF DISSOLVED CARBON DIOXIDE, ETC. 99 


have laid aside the use of the soap test in the examination of 
waters intended for use in boilers. 

The estimation of the dissolved carbonates by means of deci- 
normal acid with methyl orange as an indicator, affords a closer 
approximation, and in many cases the results thus obtained agree 
closely with those found by gravimetric analysis. But on using 
the amount of lime which is required to form a neutral carbonate, 
the further addition of lime to saturate the free carbonic acid is 
the more necessary, as the waters are richer in this constituent. 
For the past two years I have been using the following simple 
method. In the case of soft waters 500 c. c. are taken, a few drops 
of phenolphthalein solution is added and a decinormal solution of 
sodium carbonate is run in untila pink tinge is obtained. This 
occurs when the sodium salt is changed to the bicarbonate. With 
hard waters 100 c. c. are sufficient. The results agree very closely 
with those obtained by eudiometric analysis. Thus in the case of 
the Hoboken water, I obtained Dec. 1st, 1890, carbon dioxide 1.03 
parts; oxygen, 8.55 parts; nitrogen, 18.07 parts per 100000. 
This determination required, of course, the additional expenditure 
of time to reduce the observed results to standard pressure and 
temperature. By the method above given, using $ litre of water, 
the figure directly determined for carbon dioxide was 1.01 parts. 

When 500 c. c. of the water are taken, the number of c. c. of 
the decinormal solution used, multiplied by 2.2, gives very ap- 
proximately the number of c. c. of carbon dioxide dissolved in a 
litre of water. If 100 c. c. of water are employed, the same 
result is arrived at by multiplying by eleven. ‘Too small an 
amount of the indicator should not be employed, but 10 drops of 
a strong solution added to 100 c. c. of the water will he found 
sufficient, 














ON THE PRECIPITATION OF SUSPENDED CLAY BY 
ALUMINIC OR FERRIC HYDROXIDES, OR BY 
MEANS OF CALCIUM HYDRATE. 





By ALBERT R. LEEDs. 





In many river waters there is, in addition to the coarser parti- 
cles, more or less of suspended clay so finely subdivided that it 
readily passes through the pores of a paper or of a sand filter, 
unless the latter is itself of fine grain of considerable depth and 
the rate of filtration slow. These river waters are usually quite 
soft, containing but from two to six parts of dissolved carbonates 
of lime and magnesia. Harder waters rapidly become clear, the 
earthy matters not remaining in suspension when they are allowed 
to come to rest, whereas the soft waters may remain turbid or opal- 
escent for weeks after the mud has precipitated and only the finest 
silt remains suspended. 

The addition of alumina and iron salts and of lime is largely 
practised in order to overcome this difficulty. In order to ascer- 
tain what takes place, I have performed the following experiments 
upon an impure kaolin suspended in water. The kaolin experi- 
mented upon was in very minute hexagonal scales or plates, inter- 
mingled with other mineral matter. Inasmuch as kaolin is a 
decom position product obtained by the weathering action of waters 
containing carbon dioxide in solution upon feldspars, it seemed 
not improbable that by reversing the action and by causing lime 
to react upon kaolin suspended in water, a part of the latter 
might be expelled and some of the lime replace the basic hydrogen. 
The following experiments are in accordance with this hypothesis. 

An analysis was made of the material used, and its composition 
was found to be: ' 
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Kaolin. Associated 
Impurities. 


Aluming=:. <..3- 15.81 % 
Ferric Oxide.... 4.87 4 
Water .......... G@75¢ 13.6584 
Biliea. .. 2... 2622200 % 26.55 % 
- a ee 4.15 4 
49, 605% Undetermined_--. 6.0374 


50.395% 


A sample of the dried kaolin, or clay, was taken weighing 0.525 
grm. and diffused through a solution of lime water, containing 
0.228 grm. of CaO. This was on the assumption made prior to 
the analysis that the kaolin was pure, and that all the combined 
water might be replaced by lime. After standing for a week with 
repeated shaking, the lime remaining in solution amounted to 
0.205 grm. instead of 0.113 grm., or about 20.3 per cent. of the 
amount required upon the above assumption by the kaolin , 
present. 

In another experiment half a gramme of the mineral was diffused 
through lime water containing in solution 1 mgrm. CaO per ec. c., 
and contained like the former in a very carefully stopped flask. 
After three days, 20.01 mgrms. of lime had passed out of solution. 

The experiment was again repeated upon 2.5 grms. of the kaolin 
suspended in a half litre of water containing in solution 0.5 grm. 
CaO. After 30 hrs., with shaking at intervals, 0.114 grm. CaO or 
29.4 per cent. had gone out of solution. At the end of 12 days 
an additional 19 per cent. of lime had been absorbed, or 40 per 
cent. in all. 

For these reasons the use of lime is to be preferred where the 
waters need both softening and clarification, and where there is 
no notable amount of dissolved peaty extractive matters which 
impart even to the filtered waters a yellow color. In the latter 
case lime will not answer since it forms soluble compounds with 
these peaty substances, and precipitation and clarification only are 
attained, but attended with little or no decolorization. In such 
cases aluminium hydroxide is the best available reagent. The hy- 
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drate is thrown down by the calcium carbonate naturally present, 
and passes out of solution along with the co-precipitated peaty 
matters, the waters becoming pellucid and colorless. When fine 
silt is present this is removed at the same time. With kaolin sus- 
pended in distilled water artificially hardened by the addition of 
dissolved carbonate of lime, the kaolin was readily precipitated on 
the addition of an-alumina salt in amount exactly equivalent to 
the small quantity of dissolved calcium carbonate. But it ap- 
peared to be simply entangled in the flocculi of the aluminium 
hydrate, and, as indeed might have been anticipated, did not enter 
into combination with the kaolin. 

As remarked above the alum salt is necessarily used when both 
suspended silt and peat.extract are present; iron salts will not an- 
swer. The latter behave precisely like those of alumina so far as 
the silt is concerned, but form soluble compounds with the peat. 
Indeed the color of the clarified water may be deeper than the 
original owing to the dark tint struck by the ferric humus com- 
pound, and when this result is obtained just as much alum salt 
must be employed to get rid of the dissolved iron compound and 
render the water colorless, as if the original peaty water itself had 
to be dealt with. 


A NEW LABORATORY STAND. 
By Dr. G. C. CALDWELL. 


This stand takes the place in my student laboratory of filter 
stands, lamp stands and burette stands, one stand serving two 
students working on opposite sides of the table and carrying also 
a shelf long enough to hold four bottles for the reagents most 
commonly used in quantitative work, such as ammonia, and the 
acids, 
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It is entirely of iron, and consists of a post, with a round base 
about four inches in diameter anda quarter of an inch thick, from 
which the post proper rises to the height of about 18 inches; this 
post carries six arms 15 inches long, three of which can revolve 
towards the student working on one side of the table, while the 
other three revolve only in the opposite direction: above these 
arms is the short reagent shelf above referred to. 

Four of the arms, two for each side of the table, carry iron rods 
which can be held at any height by the thumb screws in the ends 
of the arms: one of the rods carries a funnel holder like that on 
an ordinary filter stand, for the other rod the usual lamp rings are 
provided. Of course both rods can be used at once for filtration 
or for ignition by providing more funnel holders, or lamp rings 
The third arm carries a burette holder for two burettes. 

This stand has been in use in my quantitative student laboratory 
for eight years, as well as in my private laboratory and by my as- 
sistants in their private laboratories. When the table is built 
against the wall we have four-arm stands, all arms turning one way. 
We would not willingly go back to the old style of only mov- 
able stands, although these are occasivnally required for some 
special purposes. Filtration, ignition and titrations can be carried 
on just as conveniently as with the usual appliances, and all the 
arrangements for these operations are perfectly stable: burettes are 
always plumb ; at least six movable stands are dispensed with 
without any loss in respect to economy, as the cost of this stand 
complete is a little less than seven dollars. 

I also use, in connection with this stand, Bunsen burners on 
ordinary two arm gas brackets, which, like the arms of the stand, 
can be drawn out towards the student working at the table, and 
brought under the lamp rings on the stand, and can be pushed 
back out of the way when not in use: thus I dispense with a large 
quantity of rubber tubing, avoid all danger of fire from the 
‘*striking down ” of the flame of the burner, and sacrifice nothing 
in respect to convenience. Every student is supplied also with a 
burner attached in the usual manner, but he seldom uses it. 

Of course this stand, working in opposito directions for two 
students, is incompatible with the great array of reagents that is 
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put before each student in nearly all quantitative laboratories. 
But the actual using of reagents is only a small item in quantitative 
work ; by far, the largest part of the time is spent in the opera- 
tions of filtration, ignition or titration; only a very few reagents 
have to be used frequently, and these can be counted on the 
fingers of one hand. With the other reagents conveniently acces- 
sible at several places in the laboratory, the loss of time incurred 
in going for them is insignificant ; and these occasional excursions 
give no little rest from the weariness of standing for a long time at 
one place. 

The following cut of a four-arm stand needs no explanation : 
provision is made by four screw-holes in the base for fastening the 
stand firmly to the table. 























A PORCELAIN GOOCH CRUCIBLE. 
By Dr. G. C. CALDWELL. 


The usefulness of the platinum Gooch crucible has long since 
been fully established. For various reasons some way of carrying 
the same idea into execution in a cheaper form is desirable. 

In 1882 I made some tests of a porcelain Gooch crucible with so 
much satisfaction, that in my next order to Gerhardt of Bonn I 
included crucibles of the pattern that I had been using, and they 
were made for me at the porcelain works. Lately these crucibles 
are mentioned in Gerhardt’s price list. From that time on they have 
been in constant use by students and others in my laboratory; and 
this method of filtration finds much more frequent application, 
particularly in a student laboratory, than if we were dependent on 
platinum Gooch crucibles only. 

Now, when platinum is so distressingly dear. it seems to be es- 
pecially appropriate that a description of this crucible should be 
made public, together with an account of a few tests showing its 
equal applicability with the platinum crucible. 

The crucible itself is like an ordinary number six Meissen crucible, 
except that all but a narrow rim of the bottom is left out. This 
rim supports a perforated platinum disk which must of course be 
heavy enough not to spring under the pressure to which it is sub- 
jected : on this disk and what is left of the porcelain bottom the 
asbestos welt is made in the usual manner. 

The following results show that a filter made in this way holds 
its own as to constancy in weight as well as if made in the 
platinum Gooch. , 

Platinum Gooch : 


Weight after first washing and ignition... -.----------- 21.137 
‘© washing again with 200 c. c. of water_-...----- 21.1368 


66 ‘6 66 é ee 6 sé BR aa 21.1368 
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Porcelain Gooch : 


Weight after first washing and ignition -_-..----- ---- 18.0357 
oe «« second with 200 c. c. water__.---------- 18.0358 
ig < third. a, es as a de ak CIR ee 18.0358 
os | Tipe ite Ste Ung Se ae een gS 18.0358 


A second filter was made in another érucible: 


Weight after first washing and ignition. .-...--------- 18.1829 
“ ‘<< g@eond “ S0Kc. €: weter........-...-- 18.1829 
es * ae. ee aes Rey ee ort Ree ee oe 18.1826 
" ‘ Qoarth < a e cet ORE TS 18.1826 


A third filter was made: 
Weight after first washing, with only about 150 c. c. of 


water after the welt was fairly made------- --- ae 18.043 
Weight after washing with 150 c. c. of water....-.---- 18,0427 
6é ‘<é “cc ‘é ‘é ‘<é ee 18.0427 

“é ce se 6é 6é ef A Ss ye oy 18,0427 


Fourth trial : 


Filter first washed with about 400 c. c. of water: 


Wewens ...<..-- Jie eee Ee elisa ewe at Monn 18.835 
Washed again with 150 c. c. of water... ..--.-------- 18.835 


In order to make the testas thorough as possible the drying of 
the crucible was done over a direct, low flame of the yas burner, 
and the ignition to full redness was made with the flame playing 
directly on the filter. The platinum crucible was dried and 
ignited with the cap on. 

Having observed some years ago that an ignition of a precipitate 
and filter could be made almost as quickly in a porcelain crucible 
temporarily jacketed with platinum as ina platinum crucible, I 
applied this idea to the porcelain Gooch crucible, by having a thin 
jacket spun out for it; this I’ find very serviceable at times, 
although since there is no paper filter to be incinerated its use is 
rarely necessary. The capacity of the number six porcelain 
crucible is very nearly the same as that of my platinum Gooch ; 
but while the latter with its cap weighs about 25 grms., the 
platinum jacket for the porcelain crucible weigh but 10.1 grms.,, 
and is amply heavy for its purpose, 
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(From the U. S. Patent Office Gazette.) 


Issued January 27, 1891. 


445,164.—Process of preserving eggs. A. Deischer. 

The shell is first treated with an acid, as vinegar, and then coated with 
a composition of rye flour and plaster of paris. 

445,168.—Apparatus for treating fermented liquors. W. H. Foye. 

445,211.—Composition of matter for retarding the setting of plaster. 
E. Watson. 

Consists of a solution of the substance of hair, and reduced to a powder. 

445,223.—Filter. E. M. Knight. 

445,224.—Filter. E. M. Knight. 

445,255.—Process of making fertilizers. W. B. Seal. 

The raw phosphate material is subjected to the action of sulphuric acid, 
and while the chemical changes ure taking place, adding powdered coal 
and nitrogenous material. 

445,320.—Composition for treating the surfaces of metals. J. Meese. 

Consists of nickel oxide, chromate of iron, oil of stearin, oil of turpen- 
tine, and a lead glass flux. 

445,331.—Apparatus for making anhydrous ammonia. P. J. McMahon. 

445,342.—Process of fumigating trees and other plants. W. B. Wall, 
M. S. Jones, and A. D. Bishop. 

Plants are fumigated with hydrocyanic acid gas in the absence of ac- 
tinic rays of light. 

445,358.—Non-conducting compound. F. Sprinkmann. 

Consists of kaolin, wood pulp, and cottonseed lint. 

445,394.—Apparatus for making coke. E. T. Cox. 

445,488.—Tobacco smoking mixture. H. Bingham. 

Consists of tobacco and asbestus. 

445,450.—Apparatus for the manufacture of water gas. T.S. C. Lowe. 


Issued February 3, 1891. 


445,528.—Compound for frosting glass. W. H. Akester. 

Consists of a solution of nitrocellulose inamy] acetate, to which has been 
added kaolin or other like aluminium silicate or gypsum, 

445,537.—Apparatus for purifying water. F. A. Bunnell. 
445,567.—Process of making acid phosphates. A. Memminger. 
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An improvement in making superphosphates from phosphatic material, 
which consists in combining: the latter with an acid and a fluoride. 

445,568.—Filter. J. H. Millen. 

445,650.—Manufacture of lithographic plates. O. Kindermann. 

Sheets of zinc are brushed with a solution of zine chloride, tin tetra- 
chloride, nitric acid and hydrochloric acid. 

445,684.—Pink dye. F. Bender. 

Prepared by treating tetramethyl or tetraethyldiamidophenylmethane 
oxide with oxidizing agents. 

445,691.—Process of and apparatus for producing hot rolled copper free 
from oxidation. 

The copper is passed directly from the rolls into water, to prevent con- 
tact with the air until sufficiently cooled. 

445,780.—Apparatus for purifying water. T. J. Hoyt. 

445,815.—Composition of matter. A. Moffatt. 

A plaster or mortar consisting of cottonseed meal, linseed oil cake, 
ground borax, sand, plaster of paris, and water. 

445,889.—Incombustible waste for lubricating purposes. R. R. Graf. 

Consists of cotton or woolen fibre steeped in a mixture of ammonium sul- 


phate, ammonium phosphate, sodium tungstate, ammonium chloride, 


sodium phosphate and water. 
445,890.—Pressure filter. P. R. Gray and P. R, Gray, Jr. 





